Are mitochondria a spontaneous and permanent source of reactive oxygen species?
The bioenergetic properties of mitochondria in combination with the high turnover rate of dioxygen qualify these organelles for the formation of reactive oxygen species (ROS). The assumption that mitochondria are the major intracellular source of ROS was essentially based on in vitro experiments with isolated mitochondria. The transfer of these data to the living cell may, however, be incorrect. Artefacts due to the preparation procedure or inadequate detection methods of ROS may lead to false positive results. Inhomogeneous results were found to be due to an interaction of the detection system with components of the respiratory chain which could be avoided by a recently developed non-invasive method. One of the most critical electron transfer steps in the respiratory chain is the electron bifurcation from ubiquinol to the cytochrome bc(1) complex. This electron bifurcation requires the free mobility of the head domain of the Rieske iron-sulfur protein. Inhibition of electron bifurcation by antimycin A causes leakage of single electrons to oxygen which results in the release of ROS. Hindrance of electron bifurcation was also observed following alterations of the physical state of membrane phospholipids in which the cytochrome bc(1) complex is inserted. Irrespective of whether the fluidity of the membrane was elevated or decreased, electron flow rates to the Rieske iron-sulfur protein were drastically reduced. Concomitantly superoxide radicals were released from these mitochondria, strongly suggesting the involvement of the ubiquinol/cytochrome bc(1) redox couple in this process.